An emerging view is that descending control of nocicepthe anterior hypothalamus are selective for the nociceptive re-tive transmission evoked from areas of the PAG that also sponses of dorsal horn neurons with high-and low-threshold inputs. support sympathoexcitation and cardiovascular defense re-J. Neurophysiol. 77: 2831Neurophysiol. 77: -2835Neurophysiol. 77: , 1997. The aim of the present sponses may be selective for nociceptive responses of spinal study was to examine the selectivity of descending control of noci-dorsal horn neurons (Duggan and Morton 1983). In contrast, ceptive information in the spinal dorsal horn following neuronal adjacent areas of the PAG that support sympathoinhibition activation at ''pressor'' sites in the anterior hypothalamus. Extramay be the source of a less selective descending control (see cellular single-unit activity was recorded from 11 dorsal horn neuLovick 1993). Interestingly, the integrated response that can rons in the lower lumbar spinal cord of anesthetized rats. Neurons be evoked from some anterior hypothalamic sites includes selected for investigation were those that responded to noxious (pinch and radiant heat ú46ЊC ) and nonnoxious (prod, stroke, pressor responses and other autonomic changes characterisand/or brush) stimulation within their cutaneous receptive fields tic of a defense response (Lumb and Lovick 1993) .
The aim of the present study was to determine whether Micropipettes were inserted stereotaxically into the anterior hypo-or not the reported association between selective inhibition thalamus at sites where injection of the excitatory amino acid of nociceptive reponses of spinal dorsal horn neurons and L-homocysteic acid (L-HCA) evoked increases in arterial blood sympathoexcitation extends to descending control of spinal pressure. The effects of microinjection of L-HCA at ''pressor'' processing evoked from anterior hypothalamic pressor sites.
sites in the anterior hypothalamus were then tested on the responses A preliminary account of this work has been published in of Class 2 neurons to noxious and nonnoxious stimulation of their abstract form (Workman and Lumb 1994) . excitatory receptive fields. The high-threshold (pinch and/or radiant heat) responses of 7/7 Class 2 neurons tested were inhibited by an average of 66.3 { 8.8% (mean { SE) by neuronal activation M E T H O D S at hypothalamic pressor sites. The low-threshold (prod) responses of 10/10 Class 2 neurons tested were not inhibited by neuronal Anesthesia was induced in six adult male rats (290-330 g) activation at hypothalamic pressor sites; in 6 of these cells the with halothane (3% in 100% O 2 ) and then maintained with Saffan response to low-intensity stimulation was increased by between (alphaxalone-alphadolone; 9-12 mgrkg 01 rh 01 iv). The animals 4 and 20%. Control injections of the inhibitory amino acid g-were paralyzed with pancuronium bromide (0.3-0.45 mg/kg as aminobutyric acid (GABA) at the same hypothalamic pressor sites required) and ventilated. Arterial blood pressure, end-tidal CO 2 , had no significant effects on arterial blood pressure or neuronal and rectal temperature were monitored and maintained within physactivity. With regard to sensory processing in the spinal cord, these iological limits. A laminectomy exposed the lower lumbar spinal data suggest that descending inhibitory control that originates from cord, and the animals were mounted in a rigid frame with the head neurons in pressor regions of the anterior hypothalamus is highly positioned in a stereotaxic instrument. Extracellular recordings of selective for nociceptive inputs to Class 2 neurons.
single-unit activity were made in the dorsal horn using glass micropipettes filled with 4 M NaCl. Single units were characterized according to Menetrey et al. (1977) by their responses to natural
stimulation with hand-held instruments (nonnoxious brushing, prodding or stroking, and noxious pinching); Class 1 cells reClinical observations in addition to anatomic, electrophys-sponded to nonnoxious stimulation alone, Class 2 neurons reiological, pharmacological, and behavioral studies suggest sponded to noxious and nonnoxious stimuli, and Class 3 neurons to noxious stimulation alone. To study any selectivity in descending that systems controlling the perception of pain are closely influences from the hypothalamus, this study has focused on effects coupled to systems modulating cardiovascular function (for on Class 2 neurons. reviews see Randich and Gebhart 1992; Randich and Maix- Electronically controlled stimuli were delivered for 10-s periods ner 1984). Initially, attention focused on the periaqueductal every minute using an electromagnetic prodder for nonnoxious gray (PAG) region of the midbrain as the site of integration stimulation and a pneumatic pincher and/or a thermostatically conof autonomic and antinociceptive functions (see Duggan and trolled radiant heat device for noxious stimulation. Pinch stimuli Morton 1983; Lovick 1985) . However, recent studies indi-ranged from 3 to 6 N, heat stimuli between 46 and 50ЊC, and cate that the descending control of nociceptive processing prod stimuli were delivered at frequencies between 10 and 30 that can be evoked from sites in the anterior hypothalamus is Hz. Parameters of peripheral stimuli were adjusted so that, in any also associated with specific patterns of autonomic changes experimental ''run,'' the responses evoked by the different forms of stimulation were of similar magnitudes. The aim of this approach (Lumb and Lovick 1993) .
was to reduce the possibility that the efficacy of any descending when the data obtained from Class 2 neurons were pooled, influences was determined by the degree of depolarization of the the following picture emerged.
spinal cord neuron.
In all instances, the high-threshold responses of these neuTriple-barreled glass micropipettes were inserted stereotaxically rons were depressed following neuronal activation at sites in (Paxinos and Watson 1986) into the anterior hypothalamus ipsilat-the anterior hypothalamus. The magnitude of the inhibitions eral to the spinal cord recording sites. The pipettes were suitable ranged from 23 to 92% (66.3 { 8.8%; mean { SE), and for making electrolytic lesions (through a barrel containing Woods they persisted for up to 250 s. Statistical analysis using a metal and indium) and pressure injection of L-HCA (pH 7.4, 0.2 paired nonparametric test (Wilcoxon signed-rank test) re-M, 50-100 nl) to selectively activate neuronal cell bodies. To vealed the inhibitory effects to be very significant (P Å control for any effects of L-HCA being due to depolorizing block, and a cessation of activity at the site of injection, a third barrel 0.0078). The available data suggest that effects on radiant contained the inhibitory amino acid g-aminobutyric acid (GABA; heat were more potent (81.7 { 8.4%; n Å 3) than those on 0.2 M) that could be pressure injected at the same site to hyperpo-noxious pinch (57.2 { 11.7%; n Å 7). larize neurons. It should be borne in mind, however, that, in addi-
The effects of anterior hypothalamic stimulation were tion to any block of activity in descending pathways, this treatment tested on the low-threshold responses of 10 Class 2 neurons. may disinhibit neurons that give rise to descending pathways.
This includes six of the cells that were also tested for any effects on high-threshold responses. In four cells there was Experimental protocol no apparent effect, the magnitude of the responses remaining within 1% of baseline values. In the remaining six cells,
The stimulating electrode was introduced into the ventromedial responses to peripheral prod stimuli were enhanced by beforebrain and advanced in 200-mm steps until ejection of L-HCA evoked a pressor response. The electrode was then left in position tween 4 and 20% (7.6 { 2.6%). Statistical analysis of so that the effects of L-HCA could be tested on responses of single the effects of hypothalamic stimulation on the prod-evoked dorsal horn neurons. In each experimental run the dorsal horn responses of all 10 neurons tested revealed the mean facilitaneuron was activated by one of the forms of controlled peripheral tory effect to be 4.6 { 1.9%, which was significantly differstimulation for 10 s every minute. After two or three responses to ent from control responses (P Å 0.0156, Wilcoxon signeda given stimulus to establish the baseline response of the cell, L-rank test). An example of the effects of anterior hypotha- the same site. This was a consistent finding at all sites where
The centers of the sites of chemical stimulation in the hypothalamus were marked by electrolytic lesions or by pressure ejection of GABA was tested (n Å 5).
PSB. The stimulating and recording sites were later recovered in 50-mm transverse sections of the brain and spinal cord stained with Neutral Red.
Locations of neurons recorded in the dorsal horn and of hypothalamic stimulation sites
The laminar distributions of all neurons tested with hypoExtracellular single-unit activity was recorded from 14 thalamic stimulation are shown in Fig. 2A . All cells were neurons in the dorsal horn of the lower lumbar spinal cord; recorded in the deep dorsal horn (laminae IV, V, and VI). 11 Class 2, two Class 1, and one Class 3. Only the data It should be noted that, in all cases where the low-threshold from the Class 2 cells are reported here. responses of Class 1 or 2 neurons were not inhibited, these data are only included if stimulation at the same site in the Descending influences from the anterior hypothalamus on same animal was shown to inhibit the nociceptive responses the activities of class 2 neurons of Class 3 and/or Class 2 neurons. The locations of stimulation sites in the anterior hypothalEleven Class 2 neurons were tested with stimulation at amus are shown in Fig. 2B . These sites are located close to pressor sites in the hypothalamus. In six of the Class 2 the ventral surface of the brain at the level of the optic neurons recorded from, a complete investigation was made chiasma. In addition to influences on the evoked resposes of any descending influences on low-(prod) and highin the spinal dorsal horn, activation of neurons at these sites (pinch and/or radiant heat) threshold responses. Incomplete also evoked pressor responses (e.g., Fig. 1 ). Increases in data were obtained from a further five cells; in one cell, mean arterial blood pressure evoked from these sites ranged effects on high-threshold responses alone were tested, and, in from 12 to 32.5 mmHg (17.08 { 3.2 mmHg), and the durafour cells, only low-threshold events were fully investigated. Regardless of the combination of tests that were carried out, tion of responses ranged from 80 to 250 s (135 { 2.3 s). The results presented in this paper demonstrate that activa-surement of the time course of effects on neuronal activity tion of neuronal perikarya, at pressor sites in the anterior was limited by the intermittent nature of the peripheral stimhypothalamus exerts a selective inhibitory effect on nocicep-ulus, but in two cases it was possible to say with certainty tive responses of Class 2 dorsal horn neurons. In contrast, that effects on arterial blood pressure outlasted any effects responses to low-intensity stimulation (prod) were left intact on neuronal activity, and in a further two cases the opposite or even enhanced. The failure of GABA to influence arterial was observed. blood pressure or neuronal activity suggests that the effects of L-HCA were not due to a cessation of activity at the site Descending inhibitory control from the anterior of injection and argue against GABA disinhibiting a source hypothalamus of descending control. It is possible that changes in arterial blood pressure themselves may affect the properties of peSeveral studies have examined descending influences from the anterior hypothalamus on the processing of nociripheral receptors and hence the responses of the dorsal horn neurons recorded from. This possibility was not tested di-ceptive information in the spinal cord (Carstens et al. 1982; Lumb 1990; Lumb and Cervero 1989) and trigeminal system rectly; however, in other studies (Hudson and Lumb 1995) we have observed inhibition of nociceptive spinal reflexes (Mokha et al. 1987) . With the exception of previous investigations from this laboratory, these studies used electrical evoked by pinch stimulation regardless of the direction of blood pressure changes evoked by chemical stimulation in stimulation at forebrain sites to activate descending pathways, which activates all neuronal elements at the site of the anterior hypothalamus. Also, the evoked increases in
08-08-97 12:59:56 neupa LP-Neurophys stimulation and, as a consequence, makes the results difficult in contrast, stimulation at depressor sites evokes a nonselective inhibition of dorsal horn activity (however see, Waters to interpret.
The studies of Carstens et al. (1982) and Mokha et al. and Lumb 1997). (1987) suggested that the anterior hypothalamus may exert selective effects on nociceptive compared with nonnoxious Descending facilitation from the anterior hypothalamus inputs to the dorsal horn. However, in neither of these studies Descending excitation of dorsal horn neurons from suwere the effects of hypothalamic stimulation on the low-and praspinal sites has been reported previously (Cervero and high-threshold inputs to individual Class 2 neurons tested Lumb 1988; Dubuisson and Wall 1980; Light et al. 1986 ; systematically nor were correlations made with any auto- McMahon and Wall 1988) . However, to our knowledge this nomic changes. Both of these issues were addressed in the is the first report of facilitation following chemical stimulacurrent investigation. In the current study, only sites that tion at supraspinal sites and the first of a selective facilitatory supported pressor responses were tested for their effects on effect on the low-threshold responses of Class 2 neurons. the activities of dorsal horn neurons. As such, our observations are consistent with reports (Duggan and Morton 1983; Functional significance see Lovick 1993) that in the midbrain, descending inhibitory control that can be evoked from pressor sites is associated A role for other hypothalamic regions in the integration of affective defensive behavior after noxious stimulation has with a selective inhibition of dorsal horn neurons, whereas, DUGGAN, A. W. AND MORTON, C. R. Periaqueductal grey stimulation: an been suggested previously (e.g., Bester et al. 1995 (Adams et al. 1993;  grey matter in rats. Pain 21: 241-252, 1985. Roeling et al. 1993) . This raises the possibility that the LOVICK, T. A. Integrated activity of cardiovascular and pain regulatory highly selective descending control system described here systems: role in adaptive behavioural responses. Prog. Neurobiol. 40: 631-644, 1993. may operate as part of an integrated response of an animal LUMB, B. M. Hypothalamic influences on viscero-somatic neurones in the to stressful or life-threatening stimuli. From a survival perlower thoracic spinal cord of the anaesthetized rat. J. Physiol. Lond. 424: spective this system would allow an animal to respond in 427-444, 1990. an appropriate manner to a life-threatening situation without LUMB, B. M. AND CERVERO, F. Modulation of a viscerosomatic reflex by electrical and chemical stimulation of hypothalamic structures in the rat. the distraction caused or reflexes evoked by noxious stimulaBrain Res. 500: 400-404, 1989. 
